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by Karol M askiew cz (SAl C NCl - Frederick)

Thi s docunent provides an introduction to the usage of the PBS Pro cluster
on the server ncisgi.ncifcrf.gov, located wthin Advanced Bionedica
Conmputing Center at NCl-Frederick. Keep in mnd, that our PBS Pro cluster
is an evolving configuration. As a result, this docunent nay be a subject
to frequent nodifications and rewitings. Please, check it frequently for
up-to-date information
Karol M askiew cz
| at est update Friday, June 4, 15:15, 2004

PDF version of this manual is available
on ncisgi.ncifcrf.gov at /etc/abcc/pbs-intro. pdf
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PBS Pro is a workl oad and resource nmanagenent systemin use on conputationa

servers at the ABCC. The PBS server that runs on the host ncisgi.ncifcrf.gov
sends batch tasks for execution on the follow ng conputational servers
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nucleicl - S@ Oigin 300 with 8 x 500 MHz M PS R14000 processors
(4 MB of secondary cache per processor), 8 GB of nenory,
280 GB of scratch di sk space
nucleic2 - SA@ Oigin 300 with 8 x 500 MHz M PS R14000 processors
(4 MB of secondary cache per processor), 8 GB of nenory,
280 GB of scratch di sk space
nucleic3 - SA@ Oigin 300 with 8 x 500 MHz M PS R14000 processors
(4 MB of secondary cache per processor), 8 GB of nenory,
140 GB of scratch di sk space
nucleic4d - SA@ Oigin 300 with 8 x 500 MHz M PS R14000 processors
(4 MB of secondary cache per processor), 8 GB of nenory,
140 B of scratch di sk space
* nucleics - S@ Oigin 300 with 8 x 500 MHz M PS R14000 processors
(4 MB of secondary cache per processor), 8 GB of nenory,
140 B of scratch di sk space
proteicl - S@ Oigin 300 with 8 x 600 Mz M PS R14000 processors
(4 MB of secondary cache per processor), 8 GB of nenory,
280 GB of scratch di sk space
proteic2 - S@ Oigin 300 with 8 x 600 Mz M PS R14000 processors
(4 MB of secondary cache per processor), 8 GB of nenory,
280 GB of scratch di sk space
proteic3 - S@ Oigin 300 with 8 x 600 Mz M PS R14000 processors
(4 MB of secondary cache per processor), 8 GB of nenory,
280 GB of scratch di sk space
avanti - SA@ Oigin 3800 with 64 x 600 MHz M PS R14000 processors
(8 MB of secondary cache per processor), 64 GB of nenory,
1 TB of scratch di sk space
nci axp - DEC Al phaServer 8400 with 8 x 625MHz Al pha EV56 processors
(8 MB of secondary cache per processor), 12 GB of nenory
ncies4s5 - HP ES45 with 4 x 1250MHz Al pha EV68 processors
(16 MB of secondary cache per processor), 32 GB of nenory
nci p690 - IBM P690 with 16 x 1300MHz Power4 processors (HPC option
i.e. with 1.4 MB of L2 cache per cpu, 32 MB of L3 cache),
32 GB of nenory, 1 TB of scratch di sk space
nci p691 - IBM P690 with 32 x 1300MHz Power4 processors (1.4 MB of
L2 cache shared by 2 cpus, 32 MB of L3 cache), 64 GB of nenory,
1 TB of scratch di sk space
nci p692 - IBM P690 with 28 x 1300MHz Power4 processors (1.4 MB of
L2 cache shared by 2 cpus, 32 MB of L3 cache)), 48 GB of nenory,
1 TB of scratch di sk space
dexter - SA Atix with 64 x 1500MHz Itaniun? processors, 64 GB of
menory, 0.3 TB of scratch di sk space

* Only 5 processors on node nucleic5 are dedicated for PBS batch use

Al'l conputing systens al so have access to nine terabytes of shared di sk space
on two SA TP9400 di sk arrays. This space is shared as a CXFS clustered
filesystemon SG@ nodes, and as an NFS fil esystem on non-SA nodes

The prinmary PBS commands are: 'qsub’ to submt a job, 'gstat' to see the
queues or job status, and 'qdel' to delete a job. Your path is set to include
PBS conmmands. Man pages for PBS conmands are al so avail abl e.



In addition, Altair provides a User Guide for PBS Pro. This guide is
| ocated at:

/usr/ | ocal / pbs/ doc/ PBSpr oUser Gui de. pdf
You are encouraged to read this docunent.
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** | MPORTANT NOTE **
In order to use PBS on ncisgi, each user's .rhosts file needs to nodified,
and possibly the .cshrc file. Wen you are ready to start using PBS, run
the script 'prepare_for _pbs'. This script will:
- make necessary nodifications in your .rhosts file
- create /usr/tnp/[yourusernane] directories on all conputing nodes
- warn you if your .cshrc (or .profile) file needs to be nodified

It is mandatory that the nunber of processors needed for your job be
specified with the '-1 ncpus=#' PBS flag (see the next section). Double check
that the specified nunber of processors is what your job really uses. Jobs

wi t hout accurate ncpus definition will be terninated due to the wasted

resour ces

Specify the nenory limt for your job with '-I pvhmem=' or '-1 pnens, which
are limts per process. If you run Gaussi an, never use global nmenory limts
such as nem and vhem Gaussian is a series of consecutive processes (Gaussi an
links), memand vnemlinits are cunmulative limts, i.e. PBS suns up nenory
used in each process within the job. The end result is that your Gaussian job
is very likely to run out of memor vnmem if they are specified.

Limt your jobs to no nore than 8 processors. |If you want to run on nore
processors, seek approval by contacting Bob Lebherz (I ebherz@cifcrf.gov)

or Karol M askiew cz (m askiew@ncifcrf.gov). Renenber, that if you request
nore than 8 processors you nust force your job to run on the S@ Oigin 3800,
| BM P690 nodes, or SA Altix since these are the only systens with nore than
8 processors avail able. Please, read the section "Running on a specific node
or specific architecture" near the end of this docunent.

Note, that there are nodes of different conputer architectures available in
our cluster (currently SA Irix, HP/ Conpaq Tru64, |BM Aix, and Linux on SG
Altix). By default, all subnitted jobs are scheduled to run on SA@ Irix nodes
To run your job on a different conputer architecture, read the section
"Runni ng on a specific node or specific architecture" near the end of this
docunent .

** | MPORTANT NOTE **
Not all applications are available on all conputer architectures represented
in the cluster. For exanple, Gaussian98 is installed on the SG@ and |BM nodes
but not the Al pha nodes (i.e. nciaxp and ncies45). On the other hand, GCG
is avail abl e exclusively on the Al pha nodes. Infornmation about availability
of scientific prograns on different platformcan be accessed fromour website
www. abcc. nciferf.gov (go to the "Scientific Applications" section). If the
informati on that you are looking for is not present, please, contact our staff
(http://support.abcc.ncifcrf.gov or 301-8465555).

Your honme directory is shared anong all conpute nodes (and ncisgi, too).
There are di sk quotas enforced on the /users filesystem (this is where the
hone directories are |ocated), check your quota with the 'quota -v' conmand.
/users is shared via CXFS nechanismon all SA@ nodes which allows a very



fast-performing filesystem(as if locally attached storage). However,
non-SA nodes use the nuch | ess efficient NFS nechanismto share /users

Keep in nind, that NFS can cause performance degradation during very intensive
I/ O operations especially when accessing very large files. What it all neans
for you, is that your job can wite output files directly to your hone
directory if this does not involve very intensive |/O operations (and if they
fit into your available disk quota). This is especially true on CXFS nodes
(i.e. SA@ systens). However, if intensive |I/O operations are involved you
should wite to a local filesystem and specifically /usr/tnp, on the node
where the job is executing. To illustrate this issue with a real-world exanple,
it my be okay to wite the Gaussi an98 output file in your hone directory,

but all Gaussian scratch files should be witten to the local /usr/tnp
filesystem In another exanple, it is ok to wite outputs from nol ecul ar
dynami cs runs (such as done with prograns CHARVMM AMBER, or Discover) directly
into your hone directory if you do not not save coordi nates and velocities
very frequently. However, it is likely that these files will be too large for
your disk quota, and for this reason you should consider using the |oca
scratch disk area (i.e. /usr/tnp).

There is another reason that you may want to avoid using NFS fil esystens

in your PBS jobs. NFS filesystens are very sensitive to any network rel ated
problens. |If your job tries to wite to an NFS nmounted filesystem it nmay
abort when there are intermttent network problens (such as network congestion)

and access to an NFS server tines out. For this reason, limting your job to
using just local filesystens (such as /usr/tnp) results in increased
reliability.

The /usr/tnp filesystemis a dedicated scratch area on each of conputing
nodes. Keep in mnd, that each node has its own /usr/tnp filesystem As a
case in point, if you place files in /usr/tnp/[yourusernane] on nci sgi

these files will not be available in /usr/tnp/[yourusernane] on other nodes,
unl ess you specifically transfer themthere. The /usr/tnp filesystemis
configured for the best perfornace. We use disk striping across nany disks
and controllers, and large block size to provide optinmal performance.
/usr/tnmp is the largest filesystemavailable to you on conputing nodes -

on many of our nodes it is one terabyte in size. Therefore, if you need
performance and/or a | ot of disk space, your job should be using the /usr/tnp
filesystem and specifically the /usr/tnp/[yoursusernane] directory. Keep in
m nd, that, as a scratch area, /usr/tnp is not backed up. Al so, files not
accessed for over 30 days are autonmtically renoved. Never store any of

your inportant files under /usr/tnp.
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Job subnission is perforned via the 'qsub’ conmand:
gsub <batch subm ssion script>

A bat ch submi ssion script contains the usual commands required to run

the application that you are using. It also contains PBS job subm ssion
options in the header of the script. These options are placed in the |ines
that start with the #PBS string. These lines MJUST be the first |ines of
the script.

For exanple, the following script will performa Gaussi an98 cal cul ati on
(let's name it g98.job):



#PBS -S /bin/csh
#PBS - N h20_np2

#PBS -1 cput=10: 00: 00
#PBS -1 pvnenmr400nb
#PBS -1 ncpus=4

#PBS -m e

setenv g98root /usr/local/fbscapp/g98 All.3
source $g98r oot/ g98/ bsd/ g98. 1 ogi n
setenv GAUSS SCRDI R /usr/tnp/ m aski ew

cd /users/pringr/naski ew Wt er
g98 < h20_np2 opt.in > h2o0_np2_opt. out

It can be subnmitted to PBS with the sinple conmmand 'qsub g98.job'. Al
of the necessary options are provided at the begining of the script (lines
starting with #PBS)

#PBS -S /bin/csh
The -S flag denotes the shell to be used

#PBS - N h2o_np2
The -N flag denotes the nane with which the job will appear
in the batch system (this does not have to be the name of the
script, it can be practically any name you deemrel evant, but it
cannot start with a digit). The nane will be truncated to ten
characters in the gstat output, if it is |onger.

#PBS -1 cput =10: 00: 00
The -1 flag indicates the linmts of resources required for the job.
cput is the CPUtine required for the job. It can be provided as an
i nteger of nunber of seconds or in the notation hours: m nutes: seconds
(or m nutes:seconds)

#PBS -1 pvnenmr400nb
Pvmem sets the linmt of virtual nmenory per process. In this case
it is 400 negabytes. It should be specified as an integer followed
by one of the suffixes: b, kb, nb, gb, w, kw, nw, gw (for bytes,
ki | obytes, negabytes, gigabytes, words, kil owords, nmegawords, and
gi gawor ds, respectively)

#PBS -1 ncpus=4
Number of cpus required

#PBS -m e
The -mflag asks to send an enmai|l nessage to the user. Followed by
the 'e' argunent neans to send the nessage when the job is conpl eted.

Note, that it is not necessary to |list PBS flags separately in each |ine.
They can be grouped, such as in the follow ng:

#PBS -S /bin/csh -N h2o_np2
#PBS -1 cput =10: 00: 00, pvnmenm=400nb, ncpus=4
#PBS -m e

Note also, that it is not required and not recomended to subnit a job to a
specific queue. PBS will nake the decision about queue placenent based
on your requested resources.

There are nore PBS flags that can be used in the script. Man pages on gsub



provide informati on on available flags/options. At mninum the follow ng
flags nust be used in the PBS script to run on our SA@ and | BM nodes:
-S (to specify a shell for the job)
-1 cput= (to specify the per job tinme linit)
-l pvnmem= (to specify the virtual nenory per process)
-1 ncpus= (to specify the nunmber of CPUs)
More flags are required to run on Al pha nodes (i.e. nodes nciaxp and
nci es45). Contact us for additional details regarding the Al phas.
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The exanpl e di scussed so far does not take into account file delivery

i ssues. If all your input and output files reside within your user hone
directory (see the discussion in the section "Before you start") or one of
other globally shared fil esystens such as /abcc, you do not need to be
concerned with file transfer issues. However, if your job will use loca
(i.e. non-shared) filesystens you nust take care of delivery of files

to and froman execution host.

Usi ng our exanple of a Gaussian job, if the only output file that we

are interested in is the Gaussian log file (i.e. h2o _np2_opt.out) there is
no need to transfer any files, since the log file is witten in your

globally shared hone directory filesystem However, let's assune that we want
to restart the calculation froma Gaussi an checkpoint file. Since the
checkpoint file is intensively accessed by Gaussi an during executi on we want
to use the local /usr/tnp filesystemfor optinal performance. Al so, we want
the checkpoint file to be saved and returned after the execution of our job.

There are a few approaches that can be applied to file delivery in our
configuration. To illustrate themw th our Gaussi an job exanpl e:

-- 1 -- Since your hone directory is shared between all potential execution
hosts, you could sinple used the Unix cp comand to copy the checkpoint file
fromyour home directory to /usr/tnp/[yourusernane] on the execution host:

#PBS -S /bin/csh
#PBS - N h20_np2

#PBS -1 cput=10: 00: 00
#PBS -1 pvnenr400nb
#PBS -1 ncpus=4

#PBS -m e

setenv g98root /usr/local/fbscapp/g98 All.3
source $g98r oot/ g98/ bsd/ g98. 1 ogi n
setenv GAUSS SCRDI R /usr/tnp/ m aski ew

cd /users/pringr/naski ew Wt er

cp h2o_np2_opt.chk /usr/tnp/ nm aski ew
g98 < h20_np2 opt.in > h2o0_np2_opt. out
cp /usr/tnp/ m aski ew h2o_np2_opt.chk .

(Note, that all commands in the script are executed on an execution host
and not on ncisgi where the job is subnitted. This is why the cp conmand
above does transfer files to and from /usr/tnp/ m aski ew on an execution

host .)



-- 2 -- The sane can be achieved with the Unix rcp comand. Note, that
if you need to transfer the checkpoint file to and froma non-shared
filesystemon ncisgi, the rcp conmand is the one that you nust use (you
could al so use stagei n/stageout directives as described bel ow).

In our exanple, let us assune that we want keep the checkpoint file on the
/usr/tnp/ maskiew fil esystemon ncisgi. As explained before, this is a
different /usr/tnp filesystemthan that found on an execution host.

#PBS -S / bin/csh
#PBS - N h20_np2

#PBS -1 cput=10: 00: 00
#PBS -1 pvnenmr400nb
#PBS -1 ncpus=4

#PBS -m e

setenv g98root /usr/local/fbscapp/g98 All.3
source $g98r oot/ g98/ bsd/ g98. 1 ogi n
setenv GAUSS SCRDI R /usr/tnp/ m aski ew

rcp ncisgi:/usr/tnp/ maski ew h2o _np2_opt.chk /usr/tnp/ m aski ew
cd /users/pringr/nmaski ew Wt er

g98 < h20_np2 opt.in > h2o0_np2_opt. out

rcp /usr/tnp/ m aski ew h2o_np2_opt. chk ncisgi:/usr/tnp/ m aski ew

-- 3 -- The nobst universal and fool proof way to transfer files is with
PBS Pro stagein and stageout directives.

#PBS -S /bin/csh

#PBS - N h20_np2

#PBS -1 cput=10: 00: 00

#PBS -1 pvnenmr400nb

#PBS -1 ncpus=4

#PBS -m e

#PBS - W st agei n=/ usr/t np/ m aski ew/ h2o0_np2_opt. chk@ci sgi : /usr/t np/ m aski ew h2o_m
p2_opt. chk

#PBS - W st ageout =/ usr/t np/ m aski ew h2o_np2_opt. chk@ci sgi : / usr/t np/ m aski ew h2o_
np2_opt. chk

cd /users/pringr/naski ew Wt er
g98 < h20_np2 opt.in > h2o0_np2_opt. out

(Note the order of hosts in the stagein directive! It appears to be awkward,
but this is howit works. The first hostnane is always an execution host.

In the case of stagein directive it neans that the first host listed in the
stagei n specification is the host where the files are transferred to, and
not the host where the files are transferred from)

As an additional exanple other than Gaussian, let's consider an AMBER job
which we want to run fromthe /usr/tnp/ m askiew directory. W need to deliver
all AMBER input files to /usr/tnp/m aski ew on an execution host, and then
return the output files to the hone directory.



-- 1 -- Using the cp comand:

#PBS -S /bin/csh -N dnal2ner
#PBS -1 cput =100: 00: 00, pvnmrem=400nb, ncpus=4
#PBS -m e

set env AMBERHOME / usr/ | ocal / f bscapp/ anber 6
set path = ($path $SAVMBERHOVE/ exe)

cd /usr/tnp/ m aski ew

cp /users/pringr/maski ew dnal2nmer/dna_eq.in .
cp /users/pringr/naski ew dnal2ner/dna_eq.top .
cp /users/pringr/nmaskiew dnal2ner/dna_eq.crd .

npirun -np 4 sander -O -i dna_eq.in -o dna_eq.out \
-p dna_seq.top -c dna_eq.crd -x dna_eq.traj -r dna_eq.rst

cp dna_eq.rst /users/pringr/ maskiew dnal2mer
cp dna_eq.traj /users/pringr/maski ew dnal2ner
cp dna_eq.out /users/pringr/m askiew dnal2mer

-- 2 -- Wth the rcp conmand:

#PBS -S /bin/csh -N dnal2ner
#PBS -1 cput =100: 00: 00, pvnmrem=400nb, ncpus=4
#PBS -m e

set env AMBERHOME / usr/ | ocal / f bscapp/ anber 6
set path = ($path SAMBERHOVE/ exe)

cd /usr/tnp/ m aski ew

rcp ncisgi:dnal2ner/dna_eq.in dna_eq.in
rcp ncisgi:dnal2ner/dna_eq.top dna_eq.top
rcp ncisgi:dnal2nmer/dna_eq.crd dna_eq.crd

npirun -np 4 sander -O -i dna_eq.in -o dna_eq.out \
-p dna_seq.top -c dna_eq.crd -x dna_eq.traj -r dna_eq.rst

rcp dna_eq. rst ncisgi:dnal2ner/dna_seq.rst
rcp dna_eq.traj ncisgi:dnal2ner/dna_seq.traj
rcp dna_eq.out ncisgi:dnal2ner/dna_seq. out

-- 3 -- Wth the PBS stagein and PBS stageout directives:

#PBS -S /bin/csh -N dnal2mer

#PBS -1 cput =100: 00: 00, pvnmrem=400nb, ncpus=4

#PBS -m e

#PBS - W st agei n=/ usr/t np/ m aski ew/ dna_eq. i n@ci sgi : dnal2ner/dna_eq.in
#PBS - W st agei n=/ usr/t np/ m aski ew dna_eq. t op@ci sgi : dnal2ner/dna_eq. t op
#PBS - W st agei n=/ usr/t np/ mi aski ew dna_eq. crd@ci sgi : dnal2ner/dna_eq.crd
#PBS - W st ageout =/ usr/t np/ m aski ew dna_eq. rst @ci sgi : dnal2nmer/ dna_eq. r st
#PBS - W st ageout =/ usr/t np/ m aski ew dna_eq. traj @ci sgi : dnal2ner/dna_eq. traj
#PBS - W st ageout =/ usr/t np/ m aski ew dna_eq. out @ci sgi : dnal2ner/ dna_eq. out

cd /usr/tnp/ m aski ew



set env AMBERHOME / usr/ | ocal / f bscapp/ anber 6
set path = ($path $SAVMBERHOVE/ exe)

nmpirun -np 4 sander -O -i dna_eq.in -o dna_eq.out \
-p dna_seq.top -c dna_eq.crd -x dna_eq.traj -r dna_eq.rst

** | MPORTANT NOTE **

Al'l of the above exanples will work fine when delivering input files from

a subm ssion host (ncisgi) to an execution host. However, they may fail when
returning output files to ncisgi if the CPUtine Iimt (as defined

with the -1 cput=100: 00: 00) is exhausted.

In our AMBER exanple, if the job term nates prenaturely due to the CPU tine
limt while in execution of the sander program no comands in the script
after the "npirun -np 4 sander' line will be executed, and thus no out put
files will be ruterned the to hone directory when cp and rcp commands are
used. To avoid this problem

- use PBS stageout directives - they are always executed, even when
the CPUtime linmt is exhausted

- use cp or rcp, but define different CPU tinme limts for job (cput) and
for process (pcput) with the job limt being at | east 20 seconds | onger
In our AMBER exanple, we would need to add the pcput limt to the
PBS linmts definitions:

#PBS -1 cput =100: 01: 00, pvnmem=400nb, ncpus=4, pcput =100: 00: 00

If the limt per job is longer than the Iinit per process, even when
t he sander process reaches the process CPUtine limt, there is stil
CPU tine available per job to execute the consecutive commands.
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Currently, the longest cpu tine allowed is 999 hours (3596400 seconds). The
| argest pvnem val ue allowed is 10000 negabytes, and one can use no nore than
8 processors. These limts may change. To verify current linits, use the
'gqstat -gq' command to list all of the queues, and then display limts in
each queue with the 'gstat -Q queuenane' conmand. |f your job needs nore
than the indicated available limts, we have a special queue called nassive.
This queue is normally disabled. Contact Karol M askiew cz

(m aski ew@ci fcrf.gov) or Bob Lebherz (I ebherz@cifcrf.gov) to runin this
queue.
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While we nornmal ly discourage such use and rely on PBS | oad bal anci ng, forced
execution on a particular node or a particular conputer architecture is
justified when one is doing benchmarki ng or when an application is available
only on a particular node or a particular architecture.

Running on a particular node can be achieved with the -l nodes=nane, where
the nane is either 1) a hostname or 2) a node property of the node where you
want to run your job. Thus, to force a job to run on the SG@ Oigin 3800
(hostnane avanti) one would use the foll owi ng option

#PBS -1 nodes=avanti

or

#PBS -1 nodes=sgi - ori gi n3800- 600nmhz

In this second exanple, the value sgi-origin3800-600mhz is a property of the
node avanti.

You can get the hostnanes of all the nmenbers of our PBS cluster and their
respective properties and resources displayed with the 'pbsnodes -a' conmand.
For exanpl e, the pbsnodes output for node nucleich, indicates that it is an
SA@ Oigin 300 systemw th 500 MHz processors (properties =

sgi -ori gi n300-500nhz) with eight GB of nenory (resources_avail abl e. rem =
8388608kb), and ei ght processors (pcpus = 8):

nucl ei c5
ntype = ti me-shared
state = free
license = |
pcpus = 8
properties = sgi-origi n300-500mhz, gaussi an
resources_available.arch = irix6

resour ces_avai l abl e. nem = 8388608kb
resources_avail abl e. ncpus = 6
resour ces_avai l abl e. pvnem = 6000nb
resour ces_assi gned. ncpus = 0

Using '-|I nodes=property' nmay be advantageous when perform ng benchmarks.
For exanple, W have two kinds of S@ Oigin 300 nodes - sone

with 500MH#z M PS processors and the others with 600 MHz M PS processors

To force an execution to take place on an SG@ Oigin 300 node with 600 Mz
processors, one could use:

#PBS -1 nodes=sgi - ori gi n300- 600nhz

Note, al so that we have marked nodes where the Gaussi an98 and Gaussi an03
prograns are installed with the property tag 'gaussian'. Thus, if you
sinmply want to execute your job on any conpute server that has Gaussian
programinstalled, the best and sinplest approach is to use

'-1 nodes=gaussi an'.

Often you may want to run on a particular conputer architecture - for exanple
when your application is unique to the Conpaq/HP True64 platform In this
case, you do not care which node will execute your job, as long as it is a
Conpag/ HP True64 node. You can specify this with the architecture resource
flag:

#PBS -1 arch=di gi tal uni x

To see the available architecture resources, use the pbsnodes conmmand. The
out put of pbsnodes will display it for each node in the form

resources_available.arch = irix6



or

resources_avail abl e. arch di gi tal uni x
or

resources_avail able.arch = ai x4
or

resources_avail abl e.arch = |i nux_cpuset

Currently, there are nmultiple nodes of four different architectures avail able
in our cluster - irix6 (SA Irix nodes) digitalunix (A pha based DEC HP Tru64
nodes), aix4 (IBM Al X nodes), and |inux_cpuset (SA@ Altix node).

Note, that irix6 is the default architecture. This neans that all jobs are
pl aced on SA Irix nodes, unless otherw se specified with the architecture
resource flag (arch=) or the nodes= fl ag.
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Currently, there are nodes with three different operating systens present
in our cluster - Irix, Tru64, and Al X. Note, that your hone directory is

shared anong these three platforns. If you need to have your environnmenta
settings to be unique for each platform

1) Copy your current .cshrc, .profile, and .login to .cshrc.| Rl X64,
.profile.lRIX64, and .l ogin.|RI X64, respectively. These files
will contain your settings specific for SA/Irix systens.

Use themto custonize your settings there.

2) copy the .cshrc, .profile, and .login from/usr/abcc/skel to
your hone directory. Do not edit them

3) create .cshrc. OSF1, .profile. OSF1l, .login.OSF1 for Al pha/ Tru64
specific settings if you wish. They are not required, i.e. you
shoul d be able to run jobs on Tru64 nodes w thout them Use them
only if you need/want to custonize your settings there.

4) create .cshrc. ALX, .profile.AlX, .login. ALX for IBMAIX specific
settings. Again they are not required to execute jobs, however,
use themif you need to custom ze settings on | BM nodes.

5) create .cshrc.Linux, .profile.Linux, .login. Linux for S@ Altix
specific settings, if you need them

6) If you want to have conmon aliases/settings for both platforns -
pl ace themin cshrc.comon or profile.comon files (depending
on what shell you are using).
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The gstat conmand is used to see PBS queues. Useful options:
gstat -a lists all of the jobs within the PBS cl uster

gstat -an lists all of the jobs within the PBS cluster and their
respective execution hosts

gstat -q lists all of the queues within the PBS cluster (including
resource linmts)

gstat -s lists all of the jobs within the PBS with their
respective status coments

gstat -Q queue lists all information about a specific queue
gstat -f jobid lists detailed informati on about a specific job

Addi tional options are available. Please, read nore about gstat in nan
pages (man gstat).

PBS can al so be used for interactive work. There are sone applications
that cannot be used in a batch environnment. One can use such applications
under PBS's resource nmanagenent control with the interactive flag.

To illustrate the use of interactive PBS jobs with an exanple: Suppose that
one needs to run a very |long MATLAB conputation that requires that it be
started from MATLAB' s graphical interface. Also, we want to run on an SG
Irix system This can be achieved with the follow ng sinple comand:

gsub -N nyjob -1 -1 cput=20:00: 00, pvmem=2000nb, ncpus=1, arch=iri x6

As soon as the requested resources are available, you will be presented with
a pronpt on an SA node and you can start your interactive MATLAB

session. Keep in mind, that your session will be term nated with no

war ni ng when it exceeds the requested resources that you have specified.

I n anot her exanple, one needs to conpile and debug his programon an SG
Altix system Wile this can be achieved via a PBS batch script, it may be
easi er and nore convenient to do it interactively. In order to get an
interactive shell on S@ Altix, one could try one of the foll ow ng:

gsub -N conpile -1 -1 cput=20:00: 00, pvnmem=200nb, ncpus=1, ar ch=l i nux_cpuset
or
gsub -N conpile -1 -1 cput=20:00: 00, pvnenr200nb, ncpus=1, nodes=dext er



or
gsub -N conpile -1 -1 cput=20:00: 00, pvnenr200nb, ncpus=1, nodes=ALTI X

(This last command wor ks because this node has a property ALTI X assigned to
it, as indicated by the output of the 'pbsnodes dexter' command.)

Cccassionally, PBS may not be able to immediately intialize your interactive
session. Wen this occurs, you would sinply see the nessage:
gsub: waiting for job 29001.ncisgi to start

If the task that you want to execute via PBS interactive session is not CPU
i ntensive (for instance, you just want to conpil e/ debug your program,

speci fying ncpus=0 in your qsub request may allow your request to succeed

i medi ately, such as in one of our exanples:

gsub -N conpile -1 -1 cput=20:00: 00, pvnen=200nb, ncpus=0, nodes=dext er

Keep in mind though, that this trick works often but not always; it depends
on a specific reason that prevents PBS frominitializing your interactive
session. Usually it is because the systemyou want to connect to is
actually too busy to support any nore jobs of any kind, even non-cpu
intensive jobs. No systemwll allowjobs in when it is too busy.
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If you are interacting with an X11 enabl ed system (any Uni x/Li nux box, or
a PC running X-server software), you are encouraged to use xpbs, a

graphi cal user interface for pbs. xpbs allows one to view jobs in

PBS queues, resources available in the queues, and other information
about the PBS cluster. xpbs will also help you to subnmit a PBS job.
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This is a very relevant question in our configuration when the execution host
may be different than the one where you are logged in (i.e. ncisgi). If your

j ob uses your hone directory for output files, you will be able to see them

on ncisgi as this is a shared filesystem However, if your output files

are on the /usr/tnp or another local filesystemon an execution host, you

do not have direct access to these files while on ncisgi. To take a | ook

at your output files, follow these steps:



- First, determ ne which host is executing your job. You can see this
i nformati on using the 'gstat -an' conmand.

- Next, use the rcp command to copy the file back to ncisgi and viewit.

For exanple, if you find out that your job runs on the host naned nucleicl

and the output that you would like to viewis /usr/tnp/maski ew h20_np2. out:
rcp nucl eicl:/usr/tnp/ maski ew h2o_np2. out

This command will transfer the file to your current directory. Then use

or 'nore' or whatever viewer/editor you like.

Vi
- If it is enough to see just the end of the file to check progress of your
calculations, the "tail' command can provide that information

rsh nucleicl tail -40 /usr/tnp/ m aski ew h2o_np2. out
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Sonme operating systens - currently Unicos and Irix - support process
checkpoint and restart capability. Since the majority of our server are SG
servers running Irix, you should be able to nmake use of checkpoint/restart
in your PBS jobs.

Checkpoint creates an inmage on a disk of a running process. Wen the process
dies, it is possible to restart it fromthis checkpoint file. If, for sone
reason, our PBS cluster fails (hardware failure, power outage, etc.),

the job can be restarted fromthe | ast checkpoint file, and, thus, does not
need to be rerun fromthe begining saving user possibly a lot of CPU tine.

Note, that sone applications offer their own checkpoint capabilities. Gaussian
of fers checkpoi nting, many nol ecul ar dynam cs prograns al so create restart
files. A systemcheckpoint is totally different than an application
checkpoint. Wth application checkpoint, such as in Gaussian, a user needs to
restart his/her calculation which usually requires nodifications (although
often very minor) to a Gaussian input file. Al so, sone nethods in Gaussi an

are not checkpoi ntable via Gaussi an checkpoint file.

System checkpoint allows the job to restart transparently to a user. He/she
does not need to adjust input files, and restart jobs. PBS will take care of
all of it when it is restarted after a shutdown.

Unfortunately, not every application is checkpointable. Applications that
keep open sockets (such as Discover, or Dgauss) are not checkpointable.
However, some such as Gaussi an, AVBER, CHARWM often are.

The PBS -c flag controls checkpoint behavior. If you absolutely do not want

to have checkpoints perfornmed on your job you should set it ton, i.e.
'-c n'. If you want checkpoints perforned at regular default intervals set
on the PBS server, set it toc, i.e. '"-c ¢c', which we strongly reconmend.

Note, if you do not provide the -c flag, it defaults to '-c s' which neans
to performa checkpoint only when PBS shuts down. The problemwth this
behavior is that if the systemcrashes due to a hardware failure, PBS is not
shut down gracefully, and a checkpoi nt does not execute. This is why we
suggest that you use the '-c ¢' flag.



Currently, our queues are set to performa checkpoint after every 240 m nutes
of CPU tine.

** | MPORTANT NOTE **
Not e, that non-checkpointable jobs are restarted fromthe very begi nni ng
after PBS restarts on an execution host. Also, if a restart fromthe system
checkpoint fails for any reason, the job is restarted fromthe very begi nning.
This usually neans that your output files generated so far will be
overwritten and you will loose all results fromthe interrupted run. If you
want to avoid such situations, mark your job as non-rerunnable and
non- checkpointable with '-r n -c n' options.
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| Gaussi an98

SG

#PBS -S /bin/csh -N np2
#PBS -1 cput =220: 01: 00, pcput =220: 00: 00, pvnenr4000nb, ncpus=8

cd /users/pringr/maski ew Wor k

setenv g98root /usr/local/fbscapp/g98 All.3
source $g98r oot/ g98/ bsd/ g98. 1 ogi n

setenv GAUSS SCRDI R /usr/tnp/ m aski ew

g98 < c3endo_np2.in > c3endo_np2. out

cp /usr/tnp/ m aski ew c3endo. chk

| BM

The sane script as above will run Gaussi an98 job on | BM servers. You just
need to add arch=aix4 to the #PBS line to force execution on |IBMs, i.e.

#PBS -1 cput =220: 01: 00, pcput =220: 00: 00, pvmren=4000nb, ncpus=8, ar ch=ai x4

| Gaussi an03

#PBS -S /bin/csh -N np2
#PBS -1 cput =220: 01: 00, pcput =220: 00: 00, pvnenr4000nb, ncpus=8



cd /users/pringr/maski ew Wr k

setenv g03root /usr/local/fbscapp/g03_B04
source $g03r oot/ g03/ bsd/ g03.10gin
setenv GAUSS SCRDI R /usr/tnp/ m aski ew

g03 < c3endo_np2.in > c3endo_np2. out

cp /usr/tnp/ m aski ew c3endo. chk

| BM

The sane script as above will run Gaussi an03 job on | BM servers. You just
need to add arch=aix4 to the #PBS |line to force execution on |IBMs, i.e.

#PBS -1 cput =220: 01: 00, pcput =220: 00: 00, pvmren=4000nb, ncpus=8, ar ch=ai x4

The sane basi ¢ Gaussi an03 script should also work on the S@ Altix server
What is needed is to specify arch=linux_cpuset:

#PBS -1 cput =220: 01: 00, pcput =220: 00: 00, pvnmenr4000nb, ncpus=8, ar ch=l i nux_cpuset

#PBS -S /bin/csh -N anb_bench
#PBS -1 cput =80: 00: 00, ncpus=4, pvmem=600nb

cd /users/pringr/n aski ew AVBER
set SANDER = "/usr/local / f bscapp/ anber 7/ exe/ sander"

npirun -np 4 $SANDER - O\

-i 16s80na_eqge.in \
-0 16s80na_eqge. out \
-p 16s80nab.top \

-c 16s80na_eqd.rst \
-r 16s80na_eqge.rst \
-x 16s80na_eqge.traj \
-inf 16s80na_eqe. i nf

(Note, that the nunber of processors is controlled via the -np flag to
npi run. Make sure that this nunber and and the nunber of processors
requested from PBS via ncpus= are the sane.)



AMBER PBS script for SG@ Altix is simlar the one above for SG@ Oigin.
One needs to change architecture requested to arch=linux_cpuset. In addition
some MPI environment variables need to be setup to control the nmenory usage.

#PBS -S /bin/csh -N anb_bench
#PBS -1 cput =80: 00: 00, ncpus=4, pvmem=600nb, ar ch=l i nux_cpuset

cd /users/pringr/n aski ew AVBER
set SANDER = "/usr/local / fbscapp/ anber 7/ exe/ sander"

setenv MPI _MAPPED HEAP_SI ZE 67108864
setenv MALLOC MVAP_MAX 0O

setenv MALLOC TRI M THRESHOLD -1
setenv MPI _NMEMVAP_OFF 1

npirun -np 4 $SANDER - O\

-i 16s80na_eqge.in \
-0 16s80na_eqge. out \
-p 16s80nab.top \

-Cc 16s80na_eqd.rst \
-r 16s80na_eqge.rst \
-x 16s80na_eqge.traj \
-inf 16s80na_eqe. i nf

| BM

#PBS -S /bin/csh -N anb_i bm
#PBS -1 cput =80: 00: 00, ncpus=4, pvnmem=600nb, ar ch=ai x4

cd /users/pringr/n aski ew AVBER
set SANDER = "/usr/local / f bscapp/ anber 7/ exe/ sander"

setenv MP_PRCOCS 4
setenv MP_SHARED MEMORY yes
setenv MP_WAI T_MODE pol

$SANDER -O -i 16s80na_eqge.in \
-0 16s80na_eqge. out \
-p 16s80nab.top \
-c 16s80na_eqd.rst \
-r 16s80na_eqge.rst \
-x 16s80na_eqge.traj \
-inf 16s80na_eqe. i nf

(Note, that the nunber of processors is controlled via the MP_PRCCS vari abl e.
Make sure that this nunber and and the nunber of processors requested from
PBS via ncpus= are the sane.)



(Keep in mind, that our center does not have a license to share a copy of
CHARWMM wi t h outside users. You nust have your own CHARWM | icense, and your
own copy of the program which nust be installed under your own user area.

If you have problens conpiling and installing CHARMM our personnel nay

hel p you with these tasks. Scripts bel ow are just exanples of using CHARW -
nodi fy themwi th |ocation of your own copy of CHARMM)

#PBS -S /bin/csh -N char nm sgi
#PBS -1 cput =02: 02: 00, pvnmenm=1000nb, ncpus=8

setenv CHARMM /usr/ | ocal / f bscapp/ harvard/ c27b3/ exec/ sgi 64/ char nm
cd /users/pringr/n aski ew CHARWM
npirun -np 8 $CHARMM < nbcodyn. i np > nbcodyn. out

(Note, that the nunber of processors is controlled via the -np flag to
npi run. Make sure that this nunber and and the nunber of processors
requested from PBS via ncpus= are the sane.)

| BM

#PBS -S /bin/csh -N charmm.i bm
#PBS -1 cput =20: 00: 00, pvmenm=1200nb, ncpus=8, ar ch=ai x4

setenv CHARMM /usr/ | ocal / f bscapp/ harvard/ c27b3/ exec/ i bnsp/ char nm

cd /users/pringr/nm aski ew CHARWM

setenv MP_PROCS 8

setenv MP_SHARED MEMORY yes

setenv MP_WAI T_MODE pol |

$CHARMM < nbcodyn. i np > nbcodyn. out

(Note, that the nunber of processors is controlled via the MP_PRCCS vari abl e.

Make sure that this nunber and the nunber of processors requested from PBS
via ncpus= are the sane.)

#PBS -S /bin/csh -N nyjob
#PBS -1 ncpus=4, pvnmens500nb, cput =50: 00: 30, pcput =50: 00: 00

set GAMESS=/usr/ | ocal / f bscapp/ ganess/ rungns
cd /users/pringr/naski ew Ganess



$GAMESS uraci | _rohf_ccpVDZ_opt 4 uracil _rohf_ccpVDZ_opt. out

(Note, that the nunber of processors is controlled via the second argunent
to our rungns script. Make sure that this nunber and the nunber of processors
requested from PBS via ncpus= are the sane.)

The above GAMESS PBS script for SG@ Oigin will also work on our S@ Altix
system The only change needed is to request arch=linux_cpuset, i.e.:

#PBS -1 ncpus=4, pvnmenr500nb, cput =50: 00: 30, pcput =50: 00: 00, ar ch=l i nux_cpuset

| BM

The sane script as above will run GAMESS job on IBM servers. You just
need to add arch=ai x4 to force execution on IBMs, i.e.:

#PBS -1 ncpus=4, pvnenr500nb, cput =50: 00: 30, pcput =50: 00: 00, ar ch=ai x4

#PBS -S /bin/csh -N nand -| pvnem=600nb, cput =2: 00: 00, ncpus=4

set path = ($path /usr/local/fbscapp/ nand_2. 5/ bin)
cd /users/pringr/maski ew NAMY er - gre
nand2 +p4 er-gre. nand

(Note, that the nunber of processors is controlled with the +p flag, such
as 4 processors in the above exanple with +p4.)

| BM

#PBS -S /bin/csh -N nand -1 pvnem=600nb, cput =2: 00: 00, ncpus=4, ar ch=ai x4

set path = ($path /usr/local/fbscapp/nand_2. 5/ bin)
cd /users/pringr/maski ew NAMY er -gre
poe nand2 er-gre.nand -nodes 1 -procs 4 -shared _nenory yes

(NAMD i s executed on IBMsystens via IBMs POE - Parallel Qperating
Envi ronment. The nunber of processors is controlled with POE's -procs
flag, such as '-procs 4' in the above exanple.)
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If you specify a non-existant file in a stagein directive the job may not
fail but rather remain on the PBS server in "W (i.e. Waiting) state.

PBS will attenpt every few mnutes to try transfer the file again. If you
create the missing file, your job may start. If it does not, you should
delete it with gdel and resubmt after fixing the problem
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If you require nore assistance, contact our technical personnel preferably

on the web at http://support.abcc.ncircrf.gov or by phone at 301-846-5555.

SA specific questions may al so be sent directly to Karol M askiew cz

(m aski ew@ci fcrf.gov). |IBM questions should be addressed to Dennis Fol ey
(foleyd@ncifcrf.gov), while SG/Atix and HP/ Al pha questions to Toni Harbaugh
(har baugh@ci fcrf. gov).



